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TITLE 



Nonwoven Thermoplastic Elastomer Fabric Roll 
and Method and Apparatus for Making Same 

FIELD OF THE INVENTION 
The present invention relates to nonwoven fabric rolls, made by 
winding up onto a tube a nonwoven fabric formed from thermoplastic elastomer 
filaments, and methods and apparatus for producing nonwoven fabric rolls. 

BACKGROUND 

Nonwoven fabrics are commonly produced by spi nn ing a 
thermoplastic resin into fibers, and allowing the freshly spun fibers to pile on a 
moving conveyor belt. Entangled filaments bond with each other due to the high 
self-adhesive properties of the still-hot thermoplastic elastomer, thereby forming a 
sheet of nonwoven fabric. The sheet is typically compressed in some manner to 
produce the desired thickness and density. The nonwoven fabric, formed into a 
sheet, is then transported by the belt conveyor toward nip rollers which peel the 
fabric from the belt conveyor. Then the nonwoven fabric is wound up by a take-up 
device around a cylindrical core to form a nonwoven fabric roll. 

Since the freshly spun thermoplastic elastomer has highly adhesive 
properties, the spun filaments tend to adhere to the belt conveyor as well as to one 
another. As a result, it is necessary to apply a significant amount of tension to the 
nonwoven fabric to peel it from the belt conveyor. 

Consequently, when the nip rollers peel the nonwoven fabric from the 
belt conveyor, a tension due to the adhesion acts on the nonwoven fabric causing the 
fabric to stretch, while shrinking in the direction of width, with the formation of 
longitudinal wrinkles. In prior art apparatus and methods, because the nip rollers are 
disposed downstream of the nonwoven fabric, the tension T a acting on the nonwoven 
fabric being peeled off is significantly greater than the force F required for peeling 
off, as shown in Fig. 11. Thus the nonwoven fabric production apparatus of the prior 
art has problems in that a very large tension is exerted on the nonwoven fabric when 
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peeling it off the belt conveyor, resulting in wrinkles formed along the length of the 
nonwoven fabric. The longitudinal wrinkles are then fixed on the nonwoven fabric 
as the wrinkled fabric is pressed between the nip rollers. 

Also, because the tension caused by the nip rollers acts between the 
5 nip rollers and the take-up device as well, the nonwoven fabric is tightly wound up 
around the tube while under tension. The nonwoven fabric roll wound by the take-up 
device is used in the production of many products, such as first aid bandages or 
gloves, by punching the nonwoven fabric after unrolling it from the roll. Since the 
nonwoven fabric roll is wound tightly, a nonwoven fabric roll that has been left for a 

10 long period of time becomes difficult to unroll, partly due to the self-adhesive 

properties of the thermoplastic elastomer. As a result, there has also been a problem 
in that significant tension must be applied to unroll the nonwoven fabric, which 
causes an elastic deformation wherein the nonwoven fabric stretches lengthwise and 
shrinks in the direction of width. This deformation is spontaneously reversed after a 

15 period of time (delayed restoration), after the punch forming process, thus causing a 
change in the punched shape. 

There is a need for nonwoven fabric rolls which do not exhibit 
longitudinal wrinkles, and which may be unwound with little or no deformation so 
that delayed restoration does not lead to a change in shape of derived products. 

20 There is also a need for methods and apparatus for producing nonwoven fabric rolls 
having such properties. 

BRIEF DESCRIPTION OF THE INVENTION 
It is an object of the present invention to provide a thermoplastic 
elastomer nonwoven fabric roll exhibiting reduced wrinkles and reduced change in 
25 shape associated with delayed restoration. It is a further object of the invention to 
provide a method and apparatus for producing such a roll. 

The invention relates to a nonwoven fabric roll formed by winding a 
nonwoven fabric, formed from thermoplastic elastomer filaments accumulated and 
bonded into a sheet, around a tube, wherein the nonwoven fabric roll is formed so 
30 that the tension (unrolling tension) exerted on the nonwoven fabric when being 

unrolled from the nonwoven fabric roll is not greater than 0.25 g/cm/basis-weight. 



-3- 



When the unrolling tension exceeds 0.25 g/cm/basis-weight, it 
becomes necessary to apply an excessive tension to the nonwoven fabric when 
unrolling the nonwoven fabric roll. This causes the nonwoven fabric to experience 
such an elastic deformation as stretching in the direction of length and shrinking in 
5 the direction of width and, when the nonwoven fabric is punched to form a product, 
the punched shape changes due to delayed restoration of the elastic deformation, thus 
making it impossible to produce good products. When strictly taking the change in 
shape due to delayed restoration into consideration, the unrolling tension is 
preferably 0.20 g/cm/basis-weight or less, and more preferably 0.15 g/cm/basis- 
10 weight or less. 

According to this invention, the filaments that are spun from the 
spinning device are piled up and bonded to form a sheet of nonwoven fabric on the 
belt conveyor. The nonwoven fabric thus formed is carried by the belt conveyor and 
peeled from the belt conveyor by a rotating roller disposed above the transportation 
1 5 zone, to be wound by the take-up device around the tube to make the nonwoven 
fabric roll. 

As mentioned previously, since the thermoplastic elastomer has 
highly adhesive property, the filaments that are spun therefrom tend to adhere to the 
belt conveyor. As a result, it is necessary to apply a significant amount of tension to 

20 the nonwoven fabric to peel off the nonwoven fabric from the belt conveyor. 
According to this invention, since the nonwoven fabric is peeled from the belt 
conveyor by the lifting action of the rotating roller disposed above the transportation 
zone of the belt conveyor, substantially the same tension as exerted on the nonwoven 
fabric is applied to peel off the nonwoven fabric. As a consequence, the nonwoven 

25 fabric can be peeled from the belt conveyor by applying only the minimum tension 
that is necessary and sufficient, thus making it possible to minimize the elastic 
deformation and longitudinal wrinkling of the nonwoven fabric that are caused when 
peeling off. 

Since the tension is reduced as described above, the tension acting on 
30 the nonwoven fabric between the rotating roller and the take-up device is also 

reduced, so that the nonwoven fabric is wound up into a roll with a lower tension. 
As a result, the nonwoven fabric roll thus formed is wound less tightly. Thus even 



-4- 



under the influence of the adhesive property that is characteristic to the thermoplastic 
elastomer, the nonwoven fabric roll that can be easily unrolled with an unrolling 
tension of 0.25 g/cm/basis -weight or less can be formed. Such a nonwoven fabric 
roll having favorable unrolling performance requires a relatively lower tension to 
5 unroll the nonwoven fabric, and makes it possible to minimize the change in the 
punched shape due to delayed restoration. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a front view schematically showing the constitution of a 
thermoplastic elastomer nonwoven fabric roll production apparatus according to one 
1 0 embodiment of the present invention. 

Fig. 2 is a front view showing a width expanding roller of this 

embodiment. 

Fig. 3 is a view showing the action of a rotating roller of this 

embodiment. 

1 5 Fig. 4 is a front view schematically showing the constitution of a 

thermoplastic elastomer nonwoven fabric roll production apparatus according to 
another embodiment of the present invention. 

Fig. 5 is a front view schematically showing the constitution of a 
thermoplastic elastomer nonwoven fabric roll production apparatus according to yet 
20 another embodiment of the present invention. 

Fig. 6 is a front view schematically showing the constitution of a 
thermoplastic elastomer nonwoven fabric roll production apparatus according to 
another embodiment of the present invention. 

Fig. 7 is a schematic view showing the constitution of a measuring 
25 instrument for measuring the unrolling tension. 

Fig. 8 is a graph showing the change in tension with time as measured 
by the measuring instrument. 

Fig. 9 is a front view schematically showing the constitution of a 
thermoplastic elastomer nonwoven fabric roll production apparatus of the prior art. 
30 Fig. 1 0 is a sectional view of a nozzle portion of a melt blow head. 

Fig. 1 1 is a view showing the action of nip rollers in the prior art. 



-5- 



Description of Reference Numerals 



1: 


Nonwoven fabric roll production apparatus 


2: 


Rotating roller 


3,4 


Width expanding roller 


5,6 


Feed roller 


101 


Spinning device 


102 


Melt blow head 


110 


Melt extruder 


115 


Belt conveyor 


125 


Take-up device 


130 


Nonwoven fabric roll 


131 


Nonwoven fabric 



DETAILED DESCRIPTION OF THE INVENTION 

An example of prior art apparatus for producing a thermoplastic 

15 elastomer nonwoven fabric roll is shown in Fig. 9. As shown in the drawing, the 

nonwoven fabric roll production apparatus 100 comprises a spinning device 101, that 
has a melt extruder 110 for melting dried thermoplastic elastomer chips and 
discharging the melt and a melt blow head 102 for discharging the thermoplastic 
elastomer from nozzles and spinning filaments, thereby spinning the filaments by the 

20 so-called melt blow process, a belt conveyor 115 that is disposed below the melt 
blow head 102 and transports the filaments being spun by the melt blow head 102 
while piling the filaments into a sheet of nonwoven fabric 131 thereon, nip rollers 
120 that take up the nonwoven fabric 131 from the belt conveyor 115, and a take-up 
device 125 that winds the nonwoven fabric 131 fed from the nip rollers 120 around a 

25 tube 132 thereby forming a nonwoven fabric roll 130. 

As shown in Fig. 10, the melt blow head 102 has a discharge port 
102c that is formed in the shape of a slit and is disposed on the bottom surface 
thereof, and nozzles 102b formed at equal intervals above the discharge port 102c 
and facing thereto, while the discharge port 102c and the nozzles 102b are disposed 

30 along the width of the belt conveyor 115. Formed before and after the nozzles 1 02b 
in the transport direction of the belt conveyor 1 15 are gas supply passages 103a and 
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104a, so that a heated and compressed gas is supplied from the gas supply passages 
103 a and 104a to the discharge port 102c and discharged from the discharge port 
102c. The nozzles 102b receive a constant amount of molten thermoplastic 
elastomer supplied through a passage 102a that communicates thereto. The gas 
5 supply passages 103 a and 104a receive the heated and compressed gas from gas 

supply means (not shown) through supply pipes 103 and 104, respectively, as shown 
in Fig. 9. 

A conveyor belt 116 that constitutes the belt conveyor 1 15 is an 
endless belt made of wire mesh having a predetermined mesh size, and runs in the 

10 direction indicated by arrow thereby to transport the nonwoven fabric 131 placed 
thereon in this direction. The nip rollers 120, comprising a pair of rollers 121, 122 
that are pressed against each other, are disposed to be in parallel to each other in the 
vertical direction, and rotate in the direction indicated by arrow thereby to pull the 
nonwoven fabric 131 carried on the belt conveyor 115 off the belt conveyor 115 and 

15 feed the nonwoven fabric 131 toward the take-up device 125. The take-up device 
125 is provided with a pair of take-up rollers 126, 127 disposed in a horizontal plane 
at a predetermined distance. At least one of the take-up rollers 126, 127 serves as a 
drive roller that rotates in the direction indicated by arrow thereby to rotate the tube 
132, that is placed on the take-up rollers 126, 127, about the axis of rotation thereof 

20 and wind up the nonwoven fabric 131 around the tube 1 32, thereby forming the 
nonwoven fabric roll 130. 

In the nonwoven fabric roll production apparatus 100 having the 
constitution described above, first the molten thermoplastic elastomer is supplied 
from the melt extruder 1 10 to the melt blow head 102, and is continuously 

25 discharged from the nozzles 102b. The gas supply passages 103a and 104a of the 
melt blow head 102 receive the heated and compressed gas from the gas supply 
means (not shown) through the supply pipes 103 and 104, respectively, with the gas 
being spouted from the discharge port 102c at a predetermined flow velocity. Thus 
the thermoplastic elastomer discharged from the nozzles 102b is carried by an air 

30 stream spouted from the discharge port 102c and is formed into extremely thin 
filaments. 
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The filaments that have been spun as described above flow down right 
below to gather on the conveyor belt 1 16 of the belt conveyor 115 while the 
filaments are entangled with those nearby. Entangled filaments bond with each other 
due to the high self-adhesion properties of the thermoplastic elastomer thereby 
5 forming a sheet of nonwoven fabric 131. The nonwoven fabric 131 formed in a 
sheet is transported through the transportation zone of the belt conveyor 115 toward 
the nip rollers 120 and is peeled from the belt conveyor 1 15 by the nip rollers 120. 
Then the nonwoven fabric 131 is wound up by the take-up device 125 around the 
tube 132 to form the nonwoven fabric roll 130. 

10 At a normal temperature, the thermoplastic elastomer has properties 

similar to those of vulcanized rubber, and shows high stretchability, high frictional 
resistance and adhesive property, as well as the high self-adhesion property described 
above. As a result, the filaments piled on the conveyor belt 116 bond not only with 
each other but also with the conveyor belt 116. 

15 Consequently, when the nip rollers 120 peel the nonwoven fabric 131 

from the belt conveyor 1 15, a tension due to the adhesion acts on the nonwoven 
fabric 131 thus causing the nonwoven fabric 131 to stretch while shrinking in the 
direction of width, with the formation of longitudinal wrinkles. Also because the nip 
rollers 120 are disposed downstream of the nonwoven fabric 131 in the transporting 

20 direction beyond the belt conveyor 1 1 5 in the nonwoven fabric roll production 
apparatus 100, tension Ta acting on the nonwoven fabric 131 being peeled off is 
significantly greater than the force F required for peeling off, as shown in Fig. 1 1 . 
Thus the nonwoven fabric production apparatus 100 of the prior art has problems due 
to the large tension exerted on the nonwoven fabric 131 when peeling the nonwoven 

25 fabric 131 from the belt conveyor 1 15 resulting in wrinkles formed along the length 
of the nonwoven fabric 131. The longitudinal wrinkles are then fixed on the 
nonwoven fabric 131 as the wrinkled nonwoven fabric 131 is pressed by the nip 
rollers 120. 

Also, because the tension caused by the nip rollers 120 acts between 
30 the nip rollers 120 and the take-up device 125 as well, the nonwoven fabric 131 is 
wound up around the tube 132 while under tension. The nonwoven fabric roll 130 
wound by the take-up device 125 is used in the production of, for example, first aid 



bandages or gloves by punching the nonwoven fabric 131 after unrolling the 
nonwoven fabric roll 130. However, since the nonwoven fabric roll 130 is wound 
very tightly due to the tension, a nonwoven fabric roll that has been left for a long 
period of time becomes difficult to unroll, partly due to the self-adhesive properties 
5 of the thermoplastic elastomer. As a result, there has also been a problem in that a 
significant tension must be applied to unroll the nonwoven fabric roll 131 to extend 
the nonwoven fabric 131, which causes an elastic deformation wherein the 
nonwoven fabric 131 stretches lengthwise and shrinks in the direction of width. The 
deformation reverses itself later (delayed restoration) after the punch forming 

10 process, thus causing a change in the shape of the punched item. 

The unrolling tension T in the present invention is given as follows, 
by denoting the tension actually acting on the nonwoven fabric as measured with a 
tension measuring instrument as t (g) , width of the nonwoven fabric as 1 (cm) and 
basis weight of the nonwoven fabric as W (g/m 2 ). 

15 T = (t/1)/W 

The thermoplastic elastomer of the present invention may be materials 
such as known melt-spinnable polyurethane elastomers, polyester elastomers 
prepared by copolymerizing polybutylene terephthalate with various aliphatic 
polyols, polystyrene, polystyrene-based elastomers, and olefinic elastomers. Among 

20 these, the polyurethane elastomers have excellent mechanical properties such as 
tensile strength, rate of recovery after stretching and chemical resistance, and these 
are preferred thermoplastic elastomers. Polyurethane elastomers that have JIS Shore 
A scale hardness in a range from 75 to 98 are capable of making an elastomer that 
has excellent stretchability and mechanical properties, and are therefore preferable. 

25 When the Shore A scale hardness is 75 or lower, the tensile strength of the elastomer 
decreases and, when Shore A scale hardness is 98 or higher, the stretch restoration of 
the elastomer decreases. The polyurethane elastomer is preferably modified by 
adding thereto one or more additives such as phenolic antioxidants, light-resistant 
agents such as benzotriazole, salicylic acid and hindered amines, and adhesion 

30 inhibitors such as amide wax and montan wax. 

The thermoplastic elastomer nonwoven fabric is preferably produced 
by the method of the present invention, and the method is preferably carried out by 



-9- 



means of the apparatus of the present invention. The invention provides a method of 
producing a nonwoven fabric roll by piling thermoplastic elastomer filaments that 
have been melt-spun on a belt conveyor, thereby forming a sheet of nonwoven fabric, 
pulling off the nonwoven fabric thus formed from the belt conveyor and winding the 
5 nonwoven fabric around a tube to form a roll, wherein the nonwoven fabric carried 
on the belt conveyor is peeled from the belt conveyor and guided to a rotating roller 
disposed above the transportation zone of the belt conveyor so that the nonwoven 
fabric that has been peeled off is wound around the tube and formed into the roll. 
The invention also provides an apparatus for producing the nonwoven fabric roll, 

10 comprising a spinning device that has a nozzle head for discharging the molten 
thermoplastic elastomer formed nozzles and spinning filaments, a belt conveyor 
disposed below the nozzle head for transporting the filaments spun out of the nozzle 
head while piling up the filaments into a sheet of nonwoven fabric, a rotating roller 
for peeling off the nonwoven fabric formed the belt conveyor and a take-up device 

1 5 for winding up the nonwoven fabric, that is fed via a rotating roll, around the tube, 
with the rotating roller being disposed above the transportation zone of the belt 
conveyor. 

As the distance between the position where the nonwoven fabric is 
peeled from the belt conveyor and the position where the rotating roller is located 

20 becomes larger, the nonwoven fabric becomes more likely to shrink in the direction 
of width due to the tension acting thereon, resulting in longitudinal wrinkles. 
Therefore, it is desirable to dispose the rotating roller close to the belt conveyor, so 
that the nonwoven fabric is pulled off at a position as near to the rotating roller as 
possible. Preferably the distance between the belt and the axis of the roller is 30 cm 

25 or less, more preferably 20 cm or less. 

It is also desirable to expand the nonwoven fabric, after it has been 
peeled from the belt conveyor, in the direction of width with a width expanding 
device before winding the nonwoven fabric into a roll. As described previously, the 
nonwoven fabric that is fed via the rotating roller has shrunk in the direction of width 

30 under the tension applied thereto. In the expanding process described above, the 
nonwoven fabric is preferably expanded back to its original width. Since the 
nonwoven fabric is shrunk in the longitudinal direction in this process, the tension 
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acting on the nonwoven fabric can be further mitigated by the expansion process, 
thus making it possible to form the nonwoven fabric roll with a further reduction in 
the tightness of winding. 

In the expansion process, it is preferable to expand the nonwoven 
5 fabric gradually in the direction of width by sequentially performing a series of 
expansion processing steps. This embodiment makes it possible to reduce the 
tension more properly. Moreover, since routing the nonwoven fabric through a 
plurality of width expanding devices allows the filaments sufficient time to naturally 
cool down and solidify before the nonwoven fabric is wound into the roll, the self- 

10 adhesive properties of the nonwoven fabric roll can be further reduced. In order to 
cool down the filaments more efficiently and reduce the adhesive properties of the 
nonwoven fabric roll even further, cool air from a blower may be applied to the 
nonwoven fabric that has been peeled formed the belt conveyor or, in embodiments 
where the expanding device has a roller that makes contact with and expands the 

15 nonwoven fabric, a coolant may be circulated through the roller thereby cooling 
down the nonwoven fabric via the roller. 

The term "tube" as used in the present disclosure refers to any 
cylindrical object around which the nonwoven fabric is wound, and is normally a 
paper tube or a resin tube. The present invention is more useful on nonwoven fabrics 

20 that have basis weight less than about 400 g/m 2 and most useful on nonwoven fabrics 
of basis weight less than about 300 g/m 2 . When the basis weight is greater than 400 
g/m 2 , the nonwoven fabric has sufficient tensile strength and thickness to recover its 
dimensions in the take-up process. As a result such nonwoven fabrics do not 
necessarily become too tight when wound into a roll. The present invention is 

25 particularly useful when the width of the nonwoven fabric is 40 cm or greater. It 

becomes increasingly more difficult to pull the nonwoven fabric off the conveyor net 
uniformly as the width increases. 

Specific embodiments of the present invention will be described 
below with reference to the accompanying drawings. Fig. 1 is a schematic diagram 

30 showing the configuration of a nonwoven fabric roll production apparatus according 
to one embodiment. As shown in the drawing, the nonwoven fabric roll production 
apparatus 1 of this embodiment has partly the same configuration as the nonwoven 
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fabric roll production apparatus 100 of the prior art shown in Fig. 9. Accordingly, 
identical components will be denoted with the same reference numerals and 
description thereof will be omitted. 

As shown in Fig. 1, the nonwoven fabric roll production apparatus of 
5 this embodiment comprises a rotating roller 2 disposed above the transportation zone 
of a belt conveyor 115, and expanding rollers 3, 4 and feed rollers 5, 6 disposed 
successively between the rotating roller 2 and a take-up device 125. 

The rotating roller 2 is a roller that preferably has a circular cross 
section, and is disposed above the transportation zone of the belt conveyor 1 15, to 

10 serve the function of peeling the nonwoven fabric 131 from the belt conveyor 1 1 5, as 
described previously. For this purpose, the circumference of the rotating roller 2 is 
preferably finished very smoothly to improve close contact with the nonwoven fabric 
131. Specifically, the surface finish of the roller 2 is preferably 2S or lower in the 
surface roughness grade specified in JIS B 0601, more preferably 1.5S or lower, and 

1 5 most preferably 1 .OS or lower. The cross section described above is not limited to 
circular shape and may be oval or polygonal. 

The width expanding rollers 3 and 4 consist of spiral ridges 3 a, 4a on 
the circumference of rollers having circular cross section. The ridges 3a, 4a are 
formed in opposite spiraling directions from the center of the roller out to the ends. 

20 Thus the width expanding rollers 3, 4 rotate in the directions indicated by arrows, to 
expand the nonwoven fabric 131 that is in pressure contact with the circumferential 
surface thereof in the direction of width by the actions of the ridges 3a, 4a. 

In the nonwoven fabric roll production apparatus of this embodiment 
having the configuration described above, the thermoplastic elastomer nonwoven 

25 fabric 131 spun by the spinning device 1 and formed into a sheet on the belt 
conveyor 1 1 5 is carried by the belt conveyor 1 1 5, and is peeled from the belt 
conveyor 1 1 5 to be guided upward to the rotating roller 2 disposed above the 
transportation zone, as shown in Fig. 3. As mentioned previously, the nonwoven 
fabric 131 adheres to the belt conveyor 115 due to the adhesive property of the 

30 thermoplastic elastomer. In this embodiment, since the nonwoven fabric 131 is 
peeled from the belt conveyor 1 15 by the lifting action of the rotating roller 2, a 
tension substantially the same as the tension Ta acting on the nonwoven fabric 131 
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serves as the peeling force F as shown in Fig. 3. Thus it is possible to peel off the 
nonwoven fabric 131, from the belt conveyor 1 15 by applying the minimum 
necessary tension on the nonwoven fabric 131, minimizing the elastic deformation 
and the longitudinal wrinkles that are generated in the nonwoven fabric 131 during 
5 the peeling off process. 

Also because the nip rollers 120 as shown in Fig. 9 are not used for 
peeling off the nonwoven fabric 131 in this embodiment, any longitudinal wrinkles 
generated in the nonwoven fabric 131 due to the tensile force of peeling off are not 
fixed in the fabric by the pressure of nip rollers. 

10 As the distance between the position where the nonwoven fabric 131 

is peeled from the belt conveyor 115 and the position where the rotating roller 2 is 
located becomes larger, the nonwoven fabric 131 becomes more likely to shrink in 
the direction of width due to the tension acting thereon, resulting in longitudinal 
wrinkles. Therefore, it is desirable to dispose the rotating roller 2 as near to the belt 

1 5 conveyor 1 1 5 as possible. 

The nonwoven fabric 131 that has been peeled from the belt conveyor 
115 passes the width expanding rollers 3, 4 and the tension adjust rollers 5, 6 and is 
wound up by the take-up device 125 around the tube 132 to make the nonwoven 
fabric roll 130. The nonwoven fabric 131 that is fed via the rotating roller 2 has 

20 shrunk in the direction of width under the tension applied thereto. The width 

expanding rollers 3, 4 act to expand the nonwoven fabric 131 in the direction of 
width and thereby shrink the nonwoven fabric 131 in the longitudinal direction. 
Consequently, the tension acting on the nonwoven fabric 131 can be countered by 
the expansion process, thus making it possible to form the nonwoven fabric roll 130 

25 that has been wound up through the tension adjust rollers 5, 6 with less tightness of 
winding. 

In another embodiment, the nonwoven fabric 131 can be expanded 
gradually in the direction of width when the expansion process comprises two or 
more processing steps using expanding rollers such as 3, 4, thus making it possible to 
30 reduce the tension more properly. Moreover, since routing the nonwoven fabric 131 
through the width expanding rollers allows the filaments sufficient time to naturally 
cool down and solidify before the nonwoven fabric 131 is wound into the roll, self- 
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adhesive properties of the fabric in the nonwoven fabric roll 130 can be mitigated. In 
order to cool down the filaments more efficiently and mitigate the adhesive 
properties of the nonwoven fabric roll 130 further, cool air from a blower may be 
applied to the nonwoven fabric 131 that has been peeled from the belt conveyor 115, 
5 or a coolant such as cold water may be circulated through the width expanding 

rollers 3, 4 thereby cooling down the nonwoven fabric 131 via the expanding rollers 
3,4. 

The nonwoven fabric roll 130 produced by the nonwoven fabric roll 
production apparatus 1 of the invention is wound less tightly then prior art rolls. 

10 Thus despite the self-adhesive properties of the thermoplastic elastomer, a nonwoven 
fabric roll that can be easily unrolled with a unrolling tension of 0.25 g/cm/basis- 
weight or less can be formed. 

According alternative embodiments, as long as a nonwoven fabric roll 
130 with an unrolling tension of 0.25 g/cm/basis-weight or less can be formed, such 

15 a configuration as shown in Fig. 5 where only one width expanding roller 3 is 
provided may be employed, and a configuration as shown in Fig. 4 where the 
expanding rollers 3, 4 are removed altogether may also be employed. A 
configuration as shown in Fig. 6 where a larger number of width expanding rollers 
are provided may also be employed. In Fig. 6, four pairs of width expanding rollers 

20 31, 41, 32, 42, 33, 43, 34, 44 are provided. Although the width expanding rollers 3, 
4 exemplified in Fig. 4 have ridges 3a, 4a on the circumference thereof, the rollers 
are not limited to this structure as long as the width expanding function is provided. 
For example, the ridges 3a, 4a may be replaced with spiral undulations or grooves 
formed in the circumference or, alternatively, a fundamentally different structure 

25 may be employed. 

EXAMPLES 

The present invention will now be described in more detail below by 
way of examples. 
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Example 1 

a) Raw material 

A thermoplastic polyurethane polymer having Shore A scale hardness 
of 90, obtained by polymerizing three components, i.e. diol (having a molecular 
5 weight of 2000) comprising butanediol, hexanediol and adipic acid as a soft segment, 
4,4'-diphenylmethane diisocyanate (MDI) and 1,4 -butanediol according to a batch 
polymerization system, was used as a raw material. This polymer contains a 
phenolic antioxidant and a benzotriazole light screening agent, each in the amount of 
0.2 weight %. The melt viscosity of the polymer measured at 190 degrees centigrade 
10 by using a flow tester was 12000 poise. 

b) Production apparatus 

An apparatus was used to produce the nonwoven fabric roll 130 which 
comprised the spinning device 101 and the belt conveyor 1 15 disposed as shown in 
Fig. 1, and the rotating rollers 2, the feed rollers 5, 6 and the take-up device 125 

15 disposed as shown in Fig. 4. For the melt extruder 110, one having L/D ratio of 25 
and diameter of 50 cm was used. A coat hanger type melt blow head 102 was used 
that was 1380mm in length (along the width of the belt conveyor 1 1 5), 270 mm in 
width (the longitudinal direction of the belt conveyor 115) and had 625 nozzles each 
having opening 0.4 mm in diameter, disposed linearly at 2 mm intervals on the 

20 bottom surface thereof. The belt conveyor 115 comprised a conveyor belt 116 made 
of plain- woven metal mesh of mesh size 40. Disposed below the conveyor belt 116 
at a position right below the melt blow head 102 is a suction device for drawing off 
the gas discharged from the discharge port 102c. 
c. Production method 

25 The thermoplastic polyurethane polymer obtained as described above 

was dried in vacuum using a rotary vacuum drier and was supplied to the melt 
extruder 1 10 to be melted therein, with the molten thermoplastic polyurethane 
polymer being guided to the melt blow head 102 to be spun. Melting temperature in 
the melt extruder 110 was set to 220 degrees centigrade. Spinning conditions in the 

30 melt blow head 102 were set to 230 degrees centigrade for the temperature of the 
melt blow head 102, 0.64 g/hole/min for the discharge rate of the thermoplastic 
polyurethane polymer from the nozzles 102b, 235 degrees centigrade for the 
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temperature of gas discharged from the discharge port 102c with the flow rate thereof 
being set to 12000 NL/min. 

Thermoplastic polyurethane filaments thus spun were piled up into a 
sheet on the belt conveyor 1 1 5 to form the nonwoven fabric 131. The nonwoven 
5 fabric 131 was peeled from the belt conveyor 1 1 5 by the rotating roller 2, passed 
through the feed rollers 5, 6 and was wound up by the take-up device 125 around a 
paper tube measuring 8.5 cm in diameter thereby forming the nonwoven fabric roll 
130. A sample of nonwoven fabric measuring 500m in length was wound into the 
nonwoven fabric roll 130. Running speed of the belt conveyor 115 was set to 4.88 
10 m/min, peripheral speed of the rotating roller 2 was set to 5.03 m/min, and the 

peripheral speed of the feed rollers 5, 6 and the take-up rollers 126, 127 was set to 
5.00 m/min. 

Example 2 

The nonwoven fabric roll 130 of Example 2 was obtained in the same 
1 5 manner as in Example 1 , except the production apparatus had the width expanding 
roller 3 disposed between the rotating roller 2 and the feed roller 5 as shown in Fig. 5 
and the peripheral speed of the feed rollers 5, 6 and the take-up rollers 126, 127 was 
set to 4.92 m/min. A width expanding roller 3 with spiral grooves formed on the 
outer circumference thereof was used and was rotated at a peripheral speed of 5.03 
20 m/min. 

Example 3 

The nonwoven fabric roll 130 of Example 3 was obtained in the same 
manner as in Example 1 , except the production apparatus had the width expanding 
rollers 3, 4 disposed between the rotating roller 2 and the feed roller 5 as shown in 
25 Fig. 1, and the peripheral speed of the feed rollers 5, 6 and the take-up rollers 126, 
127 was set to 4.88 m/min. Width expanding rollers 3, 4 with spiral grooves formed 
on the outer circumference thereof were used and were rotated at a peripheral speed 
of 5.03 m/min. 
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Example 4 

The nonwoven fabric roll 130 of Example 4 was obtained in the same 
manner as in Example 1 , except the production apparatus had the width expanding 
rollers 31, 41, 32, 42, 33, 43, 34, 44 disposed between the rotating roller 2 and the 
5 feed roller 5 as shown in Fig. 6, and the peripheral speed of the feed rollers 5, 6 and 
the take-up rollers 126, 127 was set to 4.88 m/min. Width expanding rollers 31, 41, 
32, 42, 33, 43, 34, 44 with spiral grooves formed on the outer circumference thereof 
were used. The peripheral speed of the width expanding rollers 31, 41 was set to 
5.03 m/min, and the peripheral speed of the width expanding rollers 32, 42, 33, 43, 
10 34, 44 was set to 4.90 m/min. 

f Comparative Example I) 

The nonwoven fabric roll 130 of Comparative Example 1 was 
obtained in the same manner as in Example 1, except that a prior art production 
apparatus shown in Fig. 9 was used and that the peripheral speed of the take-up 

15 rollers 126, 127 was set to 5.12 m/min. Peripheral speed of the rollers 121, 122 was 
set to 5.27 m/min. 

The nonwoven fabric rolls of Examples 1 to 4 and Comparative 
Example 1 produced as described above were measured for basis weight (g/m 2 ), 
width of roll (cm) , outer diameter (cm) , roll weight (g), density of roll (g/cc) and 

20 unrolling tension T (g/cm/basis -weight) , with the results of measurements shown in 
Table 1 . The basis weight (g/m 2 ) was determined by measuring the weight of a 
sample of size 25 cm x 25 cm that was punched from the nonwoven fabric and 
multiplying the weight by a factor of 16. The roll weight was determined by 
subtracting the weight of the paper tube from the total weight. Density of roll (g/cc) 

25 was determined by calculating the total volume of the roll including the paper tube, 
subtracting the volume of the paper tube from the total volume to obtain the volume 
of the nonwoven fabric (roll volume), and dividing the roll weight by the roll 
volume. 

The unrolling tension T was measured with a tension measuring 
30 instrument 50 as shown in Fig. 7. The tension measuring instrument 50 comprises a 
stage 51 to place the nonwoven fabric roll 130 thereon, an engaging member 55 
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consisting of a shaft with a bearing mounted thereon to be inserted into the paper 
tube 132 of the nonwoven fabric roll 130 and a member that has a shape of 
rectangular C in plan view and is connected to both ends of the shaft, a constant 
speed take-up device 53 that winds up, at a constant speed, a wire 54 that is fastened 
5 to the engaging member 55 at one end thereof, a U gauge (tension meter) 57 having a 
hook 58 that is hooked on one end of the nonwoven fabric 131 at the lead of the 
nonwoven fabric roll 130, a data processor 59 that processes data obtained by the U 
gauge (tension meter) 57 and an output device 60 that outputs data processed by the 
data processor 59. When the wire 54 is wound up at constant speed by the constant 

10 speed take-up device 53, the nonwoven fabric roll 130 moves toward the constant 
speed take-up device 53 while rolling, thereby causing a tension in the nonwoven 
fabric 13 1 on the leading edge, with the tension being measured by the U gauge 57. 
When the tension exceeds the adhesion of the nonwoven fabric roll 130, the 
nonwoven fabric 131 is unrolled from the nonwoven fabric roll 130. 

1 5 The top surface of the stage 5 1 is inclined by about 5 degrees from the 

horizontal plane in order to stabilize the rolling speed of the nonwoven fabric roll 
130. A portion of the nonwoven fabric 131 where the hook 58 is hooked on is 
reinforced by attaching a reinforcing tape. Winding speed of the constant speed 
take-up device 53 was set in a range from 3 to 4 m/min. 

20 The tension acting on the nonwoven fabric 131 when unrolled, 

measured as described above, changes as shown in Fig. 8. In this example, moving 
average of the tension in the steady state region in Fig. 8 was taken to calculate the 
mean value t (g) , that was divided by the product width 1 (cm) and the basis weight 
W (g/m 2 ) thereby determining the tension T according to the equation: 

25 T = (t/l)/W 

As shown in Table 1, longitudinal wrinkles were not generated in any 
of the nonwoven fabric rolls 130 of Examples 1 to 4, while the nonwoven fabric roll 
of Comparative Example 1 showed longitudinal wrinkles located 10 to 20 cm 
inward from both edges thereof, and shrunk in the width. It is also shown that the 
30 nonwoven fabric rolls 130 of Examples 1 to 4 have lower densities indicating lower 
tightness of winding than the nonwoven fabric roll of Comparative Example 1 . The 
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nonwoven fabric rolls 130 of Examples 1 to 4 also showed lower unrolling tension 
indicating that the self-adhesive properties of the fabric were lower than in the 
nonwoven fabric roll of Comparative Example 1 . 



Table 1 





Basis 
Weight 
(g/m 2 ) 


Roll 
Width 
(cm) 


Outer 
Diameter 
(cm) 


Roll 
Weight 
(g) 


Density 
of Roll 

(g/cc) 


Unrolling Tension 
(g/m/basis-weight) 


Wrinkle 
Generated 


Example 1 


64.9 


123 


38.5 


39,900 


0.283 


0.24 


No 


Example2 


65.0 


125 


39.5 


40,600 


0.271 


0.19 


No 


Example 3 


65.0 


126 


40.9 


41,000 


0.258 


0.10 


No 


Example 4 


65.2 


126 


41.4 


41,100 


0.255 


0.06 


No 


Comp. 
Example 1 


64.8 


120 


35.4 


38,900 


0.318 


0.35 


Yes 



5 In Examples 1 to 4, the nonwoven fabric 131 could be peeled off the 

belt conveyor 115 under stable conditions by setting the peripheral speed of the 
rotating roller 2 to be 2 to 4% higher than the running speed of the belt conveyor 
115, while the nonwoven fabric 131 of Comparative Example 1 showed poor release 
at the center thereof, and could be peeled off only by setting the peripheral speed of 
10 the nip rollers 120 (rollers 121, 122) 8% higher than the running speed of the belt 
conveyor 115. 

First aid bandages were produced by using the nonwoven fabric rolls 
of Examples 1 to 4 and Comparative Example 1, as described below. The nonwoven 
fabric was drawn out in the horizontal direction at a speed of 13 m/min from the 

15 nonwoven fabric roll supported rotatably, and 40 g/m 2 of an acrylic adhesive 

(copolymer of 87 weight % of 2-ethylhexylacrylate, 10 weight % of vinyl acetate and 
3 weight % of acrylic acid) was coated on one side thereof with release paper being 
laminated on the adhesive layer, thereby forming an adhesive sheet. The adhesive 
sheet was punched to make rectangular pieces measuring 19 mm in the longitudinal 

20 direction and 72 mm in the direction of the nonwoven fabric. A gauze pad 
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measuring 1 3 X 22 mm was placed on the adhesive layer with the adhesive layer 
covered by a lining to make the first aid bandage. 

The first aid bandages of Examples 1 to 4 and Comparative Example 
1 made as described above were left to stand for three months. Then dimensions of 
5 the nonwoven fabric portion were measured with the result shown in Table 2. 



Table 2 





Dimensions Immediately 
After Production (mm) 


Dimensions 3 Months 
After Production (mm) 


Shrinkage Ratio In 
Longitudinal Direction of 
Nonwoven Fabric (%) 


Product of Example 1 


19.0X72.0 


18.7X72.0 


1.6 


Product of Example 2 


19.0X72.0 


18.9X72.0 


0.5 


Product of Example 3 


19.0X72.0 


19.0X72.0 


0 


Product of Example 4 


19.0X72.0 


19.0 X 72.0 


0 


Product of comparative 
Example 1 


19.0X72.0 


17.0X72.0 


10.5 



As shown in Table 2, the first aid bandage of Comparative Example 1 
showed greater shrinkage ratio after three months than any of the first aid bandages 
10 of Examples 1 to 4. This it thought to be because the high adhesive properties of the 
nonwoven fabric roll of Comparative Example 1 requires a greater unrolling tension 
that causes the nonwoven fabric to stretch more when unrolled, resulting in greater 
shrinkage after delayed restoration from the stretched state. In order to minimize the 
shrinkage ratio, the unrolling tension is preferably 0.2 g/cm/basis- weight or lower. 

15 Example 5 

The nonwoven fabric roll 130 of Example 5 was made by using 
thermoplastic polyurethane polymer having Shore A hardness of 82 made from 
polytetramethylene glycol having a molecular weight of 1000, MDI, and 1, 4- 
butandiol as the raw material. The temperature of the melt blow head 102 was set to 

20 225 degrees centigrade, the temperature of gas discharged from the discharge port 
102c was set to 230 degrees centigrade and the flow rate thereof was set to 1 1000 
NL/min. Running speed of the belt conveyor 115 and the peripheral speed of the 
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feed rollers 5, 6 and the take-up rollers 126, 127 were set to 4.23 m/min. Peripheral 
speeds of the rotating roller 2 and the expanding rollers 3, 4 that are similar to 
Example 3 were set to 4.35 m/min. The thermoplastic polyurethane includes 0.2 
weight % of phenolic antioxidant, 0.2 weight % of benzotriazole light screening 
5 agent and 0.3 weight % of montan wax having adhesion mitigating action for 
urethane. 

Comparative Example 2 

The nonwoven fabric roll 130 of Comparative Example 2 was 
obtained in the same manner as in Example 5, except using the production apparatus 
10 shown in Fig. 9. The peripheral speed of the take-up rollers 126, 127 was set to 5.12 
m/min. Peripheral speed of the rollers 121, 122 was set to 5.27 m/min. 

The nonwoven fabric rolls of Example 5 and Comparative Example 2 
produced as described above were measured as described previously for basis weight 
(g/m 2 ), width of roll (cm) , outer diameter (cm) , roll weight (g), density of roll (g/cc) 
1 5 and unrolling tension T (g/cm/basis- weight) , with the results of measurements 
shown in Table 3 . 



Table 3 





Basis 
Weight 
(g/m 2 ) 


Roll 
Width 
(cm) 


Outer 
Diameter 
(cm) 


Roll 

Weight 
(g) 


Density 
of Roll 
(g/cc) 


Unrolling Tension 
(g/m/b asis-weight) 


Wrinkle 
Generated 


Example 5 


75.0 


126 


44.2 


47,300 


0.254 


0.11 


No 


Comp. 
Example 2 


74.9 


115' 


37.6 


44,900 


0.355 


0.36 


Yes 



As shown in Table 3, longitudinal wrinkles were not generated in the 
20 nonwoven fabric roll of Example 5, while the nonwoven fabric roll of Comparative 
Example 2 showed longitudinal wrinkles and had shrunk in width. It is also shown 
that the nonwoven fabric rolls of Example 5 has less roll density indicating lower 
tightness of winding than the nonwoven fabric roll of Comparative Example 2. The 
nonwoven fabric roll of Example 5 also showed lower unrolling tension indicating 
25 less adhesive properties than the nonwoven fabric roll of Comparative Example 2. 
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Although not shown in the table, in Example 5, the nonwoven fabric 
131 could be peeled from the belt conveyor 115 under stable conditions by setting 
the peripheral speed of the rotating roller 2 to be 2 to 4% higher than the running 
speed of the belt conveyor 115, while the nonwoven fabric 131 of Comparative 
Example 2 showed poor release at the center thereof, and could be peeled off only 
by setting the peripheral speed of the nip rollers 120 (rollers 121, 122) 8% higher 
than the running speed of the belt conveyor 115. 

The nonwoven fabric rolls of Example 5 and Comparative Example 2 
and urethane fdms (50 microns) laminated onto release paper were used to make a 2- 
layer product, for use as dust- free gloves used in semiconductor device factories. 
Specifically, 5 g/m 2 of a polyurethane-based hot melt adhesive was applied by 
spraying uniformly over the polyurethane film on the release paper. The nonwoven 
fabric unrolled formed the nonwoven fabric roll was laminated on the adhesive 
surface of the polyurethane film, with the two layers adhered to each other by 
pressing with nip rollers, and wound up into a roll. The polyurethane film was made 
to a width of 130 cm, and the winding speed was set to 15 m/min. Results of 
measuring the width of the nonwoven fabrics laminated on the polyurethane films 
produced as described above are shown in Table 4. 



Table 4 





Width of 
Nonwoven fabric roll 
(cm) 


Width of Nonwoven 
Fabric On Film (mm) 


Shrinkage Ratio 
(%) 


Product of Example 5 


126 


125.5 


0.4 


Product of Comparative 
Example 2 


115 


110 


4.3 



As shown in Table 4, Comparative Example 2 produced a product that 
has width (110 cm) smaller than the width of the nonwoven fabric roll before 
laminating the two layers (115 cm), while products having substantially the same 
width as the original width were obtained in Example 5. This is thought to be 
because a greater unrolling tension was applied due to the higher adhesive properties 
of Comparative Example 2, resulting in greater stretch when unrolling. 
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CLAIMS 

We claim: 

1 . A thermoplastic elastomer nonwoven fabric roll made by 
piling and bonding thermoplastic elastomer filaments into a sheet of nonwoven 

5 fabric, and winding the nonwoven fabric thus formed around a tube thereby forming 
a nonwoven fabric roll, characterized in that the tension required to unroll the 
nonwoven fabric from the nonwoven fabric roll is 0.25 g/cm/basis-weight or less. 

2. A method of producing a thermoplastic elastomer nonwoven 
fabric roll, comprising: (a) piling thermoplastic elastomer filaments that have been 

10 melt-spun on a belt conveyor, thereby forming a sheet of nonwoven fabric, (b) 
peeling off the nonwoven fabric thus formed from the belt conveyor, and (c) 
winding the nonwoven fabric around a tube to form a nonwoven fabric roll, 
characterized in that the nonwoven fabric is peeled from the belt conveyor by a 
rotating roller disposed above the transportation zone of the belt conveyor. 

15 3 . The method of producing a thermoplastic elastomer 

nonwoven fabric roll according to claim 2, wherein the nonwoven fabric that has 
been peeled from the belt conveyor is expanded in width prior to being wound into 
the nonwoven fabric roll. 



4. The method of producing a thermoplastic elastomer 

20 nonwoven fabric roll according to claim 3, wherein the nonwoven fabric that has 
been peeled from the belt conveyor is gradually expanded in width by sequentially 
performing a plurality of expansion steps. 

5. An apparatus for producing a thermoplastic elastomer 
nonwoven fabric roll, comprising: 

25 (a) a spinning device having a nozzle head for discharging a molten 

thermoplastic elastomer from nozzles and spinning filaments therefrom; 
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(b) a belt conveyor disposed below said nozzle head for transporting the 
filaments spun out of said nozzle head while piling the filaments into a sheet of 
nonwoven fabric thereon; 

(c) a rotating roller for peeling off the nonwoven fabric from said belt 
5 conveyor; and 

(d) a take-up device for winding up the nonwoven fabric around a tube; 
characterized in that said rotating roller is disposed above the transportation zone of 
said belt conveyor. 

6. The apparatus for producing a thermoplastic elastomer 

10 nonwoven fabric roll according to claim 5, wherein the axis of said rotating roller is 
disposed above the transportation zone of said belt conveyor within 30 cm of said 
belt conveyor. 

7. The apparatus for producing a thermoplastic elastomer 
nonwoven fabric roll according to claim 5, wherein the axis of said rotating roller is 

1 5 disposed above the transportation zone of said belt conveyor within 20 cm of said 
belt conveyor. 

8. The apparatus for producing a thermoplastic elastomer 
nonwoven fabric roll according to any one of claims 5, 6, or 7, wherein a width 
expanding device for expanding the width of the nonwoven fabric is disposed 

20 between the rotating roller and the take-up device. 

9. The apparatus for producing a thermoplastic elastomer 
nonwoven fabric roll according to claim 8, wherein a plurality of width expanding 
devices are disposed between the rotating roller and the take-up device so that the 
nonwoven fabric passes sequentially through the plurality of width expanding 

25 devices and is gradually expanded in the direction of width. 
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Abstract 

The invention provides a thermoplastic elastomer nonwoven fabric 
roll that exhibits minimal longitudinal wrinkles and minimal delayed restoration 
when unrolled, and a method and apparatus for producing the same. Thermoplastic 
5 elastomer filaments that have been melt-spun are piled on a belt conveyor thereby 
forming a sheet of nonwoven fabric, that is guided to a rotating roller disposed above 
the transportation zone of the belt conveyor and peeled off therefrom. Since minimal 
tension is applied to the nonwoven fabric during processing, the nonwoven fabric can 
be unrolled with little stretching by applying relatively little tension to the nonwoven 
1 0 fabric. By the method of this invention, a nonwoven fabric roll with unrolling 
tension of 0.25 g/cm/basis-weight or less can be formed. 
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s filed o 



C®fflH<0*HIHBl*-»*fcKPCTBaiBJHB**li, as United States Application Number or 

T % K> S."? PC" International Application Number 

®Hfc»IE*nfcffl8l <BS-r**#> and was amended o 



(if applicable). 



ft», ±5O0SiEg(C<t ^TjgiE*- tlfc, «tf»*ttH*Atr±E I hereby ststs that I have reviewed and understand the a 

BJ3 IH g £ & 53 L , J.-^R§^a«?LTV>5Ci:§<XC:tC.^BJ§-f-So the above identified specification, including the claims, as 

by any amendment referred to above. 



tUi, M $ fid )£ 05 ^ 3 7 H 11 j . 56fcSS^JlTVi^,, I acknowledge the duty to disclose information which is material to 

ft IC ^ V > T S ^ & ff 81 £ IS ^ ^ & II jS! & 3 Ci £ I? »6 •£ c patentabii iy as defined in Title 37, Code of Federal Regulations, 
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5S^3 6 5*(a)tcJ:5PCTEB[ffl|gt:^V>T. H«119«(a) 

fffttt Siifi 1 5 $fflBic9 ffiit a J: 9 * it® ffiH B t * ft IS?© 
»Mrffl«*fcl±»ro*K<!>ffiB. *v»ttP CTHBflIBfc-3V>TB» 



Prior Foreign Application's) 



2000-062755 



Japan 



(Number) 
<#*> 



(Country) 
<ffl£) 



(Number) 



(Country) 
<B«) 



ffiS|Bjg3 5$gl 1 9& (e))g0 *. 



(Application No.) 



(Filing Date) 
(fflHB) 



Sfil3 5BB1 2 0*CStf< fflS*±»t 
4«PCTHBaifc9V>Tl 4 i(9B!3 

PCTBBfflBfcBw$*lTV**V»«#fc8 
fflKBfc#fflrtffiKH**liP CTffllSffliK 
SfcfcflFBT\ B#£jn&*£3 7B£Rll 
ttfcB*>«ftSttflffK&-?ViTn*<S&ftCft 



tfoUT%. +<0*H3£ 
, X*B*»3£-r*V»*» 

6 5& (c)teS^< fJ2S 

v»Tii, {-eftlrfBBA 



(Application No.) 
(ffiBiS#) 



(Filing Date) 
(fflBH) 



(Application No.) 
<fflB»*> 



JBl 8BSI1 00 lftfc»r?S» «f^*ft{i«3l> «t < 1**003 # 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119(a)-(d) or 365(b) of any foreign application^) for patent 
or inventor's certificate, or 365(a) of any PCT International application 
which designated at least one country other than the United States 
listed below and have also identified beiow, by checking the box, 
any foreign application for patent or inventor's certificate, or PCT 
International application having a filling date before that of the 
application for which priority is claimed. 



7 March 2000 



Priority Not Claimed 



(Day/Month/Year Filed) 
(IHBH/JI/*) 



(Day/MonthTYear Filed) 
(fflUH/jl/ffO 



S hereby claim the benefit under Title 35, United States Code, Section 
119(e) of any United States provisional application^) listed below. 



(Application No.) 



(Riling Date) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application^), or 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application In the manner provided by the first paragraph 
of Title 35. United States Code Section 112, 1 acknowledge the duty 
to disclose Information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filling date of the prior application and the 
national or PCT International filing date of application. 



(Status: Patented, Pending, Abandoned) 
<8» : »HP»Tff, KB) 



(Status: Patented, Pending, Abandoned) 
(BB : «&mi» ««>P» KB) 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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i i) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attomey(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office 
connected therewith (list name and registration number). 



I appoint the following attorneys and/or agents with full power of substitution and revocation: 

John A. Diaz (Reg. No. 19,550), John C. Vassil (Reg. No. 19,098), Alfred P. Ewert (Reg. No. 19,887), 
David H. Pfeffer (Reg. No. 19,825), Harry C. Marcus (Reg. No. 22,390), Robert E. Paulson (Reg. No. 
21,046), Stephen R. Smith (Reg. No. 22,615), Kurt E. Richter (Reg. No. 24,052), J. Robert Dailey 
(Reg. No. 27,434), Eugene Moroz (Reg. No. 25,237), John F. Sweeney (Reg. No. 27,471). Arnold I. 
Rady (Reg. No. 26,601), Christopher A. Hughes (Reg. No. 26,914), William S. Feiler (Reg. No. 
26,728), Joseph A. Calvaruso (Reg. No. 28,287), James W. Gould (Reg. No. 28,859), Richard C. 
Komson (Reg. No. 27,913), Israel Blum (Reg. No. 26,710), Bartholomew Verdirame (Reg. No. 
28,483), Maria C.H. Lin (reg. No. 29,323), Joseph A. DeGirolamo (Reg. No. 28,595), Michaei P. 
Dougherty (Reg. No. 32,730), Seth J. Atlas (Reg. No. 32,454), Andrew M. Riddles (Reg. No. 31 ,657), 
Bruce D. DeRenzi (Reg. No. 33,676), Michael M. Murray (Reg. No. 32,537), Mark J. Abate (Reg. No. 
32,527), Alfred L. Haffner, Jr. (Reg. No. 18,919), Harold Haidt (Reg. No. 17,509), John T. Gallagher 
(Reg. No. 35,516), Steven F. Meyer (Reg. No. 35,613), Kenneth H. Sonnenfeld (Reg. No. 33,285), 
Tony V. Pezzano (Reg. No. 38,271), Andrea L Wayda (Reg. No. 43,979) and Walter G. Hanchuk 
Reg. No. (35,179) 

of Morgan & Finnegan, L.L.P. whose address is: 

345 Park Avenue, New York, New York, 10154; and 

Michael S. Marcus (Reg. No. 31 ,727) and John E. Hoel (Reg. No. 26,279) 
of Morgan & Finnegan, L.L.P. , whose address is 



1775 Eye Street, Suite 400, Washington, D.C. 20006. 
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SS&tfft Send Correspondence to: 

Morgan & Finnegan, L.L.P. 

345 Park Avenue 

New York, NY 10154-0053 


&mn&&&ft : <.&&RXS1£m&-%) Direct Telephone Calls to: (name and telephone number) 

David H. Pfeffer, Esq. 
(212) 758-4800 


m x.i-izm 9ewmix*t Full name of sole or first inventor 

Yukio YAMAKAWA 




ffiH-8*0S& HfJ Inventor's signature Date 

alJ ^ "1 4 K L^,,.a.oo 


« CT Residence " " 

32-14, Kishizu 2-chcme / Hofu-shi,Yarnaguchi 747-0011 JAPAN 


H ^ Citizenship 

JAPAN 


% ft (0 n $£ Post office Address 

c/o Kanebo Gclisen^irmted^-^KaneiK^ 747-0823 JAPAN 




m— XW&BSmW\' i **%'3* Full name of second joint Inventor, if any 

Tadashi FURUYA 


Btf Second inventor's signature Date 


Residence 

1493-3, Ohazatajiir^,Hofu-shi,Yamaguchi 747-0834 JAPAN 


Citizenship 
JAPAN 


S « ® 58 3c Post Office Address 

c/o Kanebo Gohsen, Limited, 4-1 ,Kanebocho,Hofu-shi,Yamaguchi 747-0823 JAPAN 




<S = &T«>#fl«W*fcr>V»T*Hl*teBBU S £ £ (Supply similar information and signature for third and subsequent 
% ^ ^ ^ joint inventors.) 
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SSSi!ft$t Send Correspondence to: 





i£*«aii»S5St : (fi^Stf^SSa-f ) Direct Telephone Calls to: (name and telephone number) 


«— t tiffi — «PJ*£c* FuJI name ofX0to«K6raC toventof 

m tiiira jxrnt 

Tsutanu TESHMA 




PJ :& <9 9 :& Bfj Inventor's signature Date 


ft Br ^ Residence 

1 0-20-807, Midorimachi 1-chome , Hofu-shi , Yamaguchi 747-0026 JAPAN 


HIS Citizenship 

JAPAN 


»tt<DB5fc Post Office Address 

c/o Kanebo Gohsen , Limited , 4-1 , Kanebocho , Hofu-shi , Yamaguchi 747-0823 JAPAN 




JBr#:R 8 Full name erf K.Jta«t^C^D«*^Xl«^fcUrth pjnt 

inventor, if any 

Vntaka TANAKA 


8— ^K^W* ®** . BR Second Inventor's sisnature Date 


ggf Residence 

5-2-315, Tcmobuchicho 1 -chore , Miyako j ima-ku , Osaka- shi , Osaka 534-0016 JAPAN 


Bjfj Citizenship 

JAPAN ' 


gflOJi5t Post Office Address 

c/o Kanebo Gohsen, Limited, 2-2 ,Urreda l-chcme,Kita-ku,Osaka-shi,Osaka 530-0001JAPAN 





(Supply similar information and signature for third and subsequent 
joint inventors.) 



